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Description 

The present invention relates to a process for 
the production of chimeric antibodies using recom- 
binant DNA techniques. 

tn the present application, the term 'chimeric 
antibody* is used to describe a protein comprising 
at least the antigen binding portion of an im- 
munoglobulin molecule (Ig) attached by peptide 
linkage to at least part of another non-lg protein. 

Sharon J. et al, Nature, 309, 364*367, 24th 
May 1984 disclose the preparation of a gene en- 
coding the V region of the mouse heavy chain and 
the C region of a mouse * light chain. The gene 
was introduced into a mouse myeloma cell line 
which secreted a mouse light chain. The trans- 
formed cell produced dimeric molecules. It is in- 
dicated that structural studies on these dimeric 
molecules might provide insights into designing 
antibody molecules consisting of V H and V L at- 
tached to other molecules of interest such as en- 
zymes and toxins. 

WO-A-84/00382 (US Dept. of Commerce) dis- 
closes a number of antibody conjugates for use in 
the prevention of graft versus host disease. The 
conjugates are produced by covaiently attaching a 
protein toxin, ricin, to a monoclonal antibody by the 
use of the chemical linker m-maleimidobenzoyi-N- 
hydroxy-succinimide ester. 

In recent years, advances in molecular biology 
based on recombinant DNA techniques have pro- 
vided processes for the production of a wide range 
of heterologous polypeptides by transformation of 
host cells with heterologous DNA sequences which 
code for the production of the desired products. 

EP-A-0 088 994 (Sobering Corporation) pro- 
posed the construction of recombinant DNA vec- 
tors comprising a ds DNA sequence which codes 
for a variable region of a light or a heavy chain of 
an Ig specific for a predetermined ligand. The ds 
DNA sequence is provided with initiation and ter- 
mination codons at its 5'- and 3 - termini respec- 
tively, but lacks any nucleotides coding for amino 
acids superfluous to the variable region. The ds 
DNA sequence is used to transform bacterial cells. 
The application does not contemplate the produc- 
tion of chimeric antibodies. 

EP-A-0 102 634 (Takeda Chemical Industries 
Limited) describes the cloning and expression in 
bacterial host organisms of genes coding for the 
whole or a part of human IgE heavy chain polypep- 
tide, but does not contemplate the production of 
chimeric antibodies. 

EP-A 0 120 694 (CelHech Ltd.), which was 
published after the priority date of the present 
application, describes processes for producing Ig 
molecules by recombinant DNA technology. It also 
discloses a process for producing modified Ig mol- 



ecules in which the antigen-binding region is de- 
rived from a first species, class or subclass and 
other parts of the tg molecule is derived from a 
second, different species, class or subclass of Ig. 
s EP-A-0 125 023 (Genentech Inc. et al.), which 
was published after the priority date of the present 
application, proposes the use of recombinant DNA 
techniques in bacterial cells to produce Ig's which 
are analogous to those normally found in vertebrate 

ro systems and to take advantage of the gene modi- 
fication techniques proposed therein to construct 
modified forms of Ig. 

It is believed that the proposals set out in the 
above Genentech application did not lead to the 

75 expression of any significant quantities of Ig poly- 
peptide chains, nor to the production of Ig activity, 
nor to the secretion and assembly of the chains 
into the desired chimeric Ig's. 

The production of monoclonal antibodies was 

20 first disclosed by Kohler and Milstein (Kohler, G. 
and Milstein, C, Nature. 256, 495-497, 1975). Such 
monoclonal antibodies have found widespread use 
not only as diagnostic reagents (see, for example, 
'Immunology for the 80s, Eds. Voller, A., Bartlett, 

25 A., and Bidwell, D„ MTP Press, Lancaster, 1981) 
but also in therapy (see, for example, Ritz, J. and 
Schiossman, S.F., Blood. 59, 1-11, 1982). 

The recent emergence of techniques allowing 
the stable introduction of Ig gene DNA into 

30 myeloma ceils (see, for example, Oi, V.T., Morri- 
son, S.L., Herzenberg, LA. and Berg, P., PNAS 
USA, 80, 825-829, 1983; Neuberger, M.S., EMBO 
J., 2, 1373-1378, 1983; and Ochi, T., Hawley, R.G., 
Hawley, T., Schulman, M.J., Traunecker, A., Kohler, 

35 G. and Hozumi, N., PNAS USA, 80, 6351-6355, 
1983), has opened up the possibility of using in 
vitro mutagenesis and DNA transection to cor? 
struct recombinant Igs possessing novel properties. 
However, it is known that the function of an Ig 

40 molecule is dependent on its three dimensional 
structure, which in turn is dependent on its primary 
amino acid sequence. Thus, changing the amino 
acid sequence of an Ig may adversely affect its 
activity. Moreover, a change in the DNA sequence 

45 coding for the Ig may affect the ability of the cell 
containing the DNA sequence to express, secrete 
or assemble the Ig. 

It is therefore not at all clear that it will be 
possible to produce functional altered antibodies by 

so recombinant DNA techniques. 

Similar considerations apply to other proteins. 
It therefore cannot be expected that fusion of a 
gene coding for at least part of an Ig with a gene 
coding for at least part of a non-lg protein will lead 

55 to expression of any protein, let alone expression 
of protein which can be secreted and assembled to 
give a functional chimeric antibody. 
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However, the present inventors have now dis- 
covered unexpectedly that it is possible to produce 
by recombinant DNA techniques secreted, assem- 
bled chimeric antibodies comprising at least part of 
an Ig molecule and at least part of a non-lg protein, 
in which both parts are capable of functional activ- 
ity. 

This surprising result is achieved by the use of 
the process of the present invention, which com- 
prises: 

a) preparing an expression vector including a 
suitable promoter operably linked to a DNA se- 
quence comprising a first part which encodes at 
least the variable region of the heavy or light 
chain of an Ig molecule and a second part which 
encodes at least part of a second protein; 

b) transforming an immortalised mammalian cell 
line, which secretes an isolated light or heavy 
chain respectively complementary to the part of 
the Ig molecule encoded by the first part of the 
vector prepared in step (a), with the prepared 
vector; and 

c) cutturing said transformed cell line to produce 
a chimeric antibody. 

The present invention also provides an alter- 
native process for producing a chimeric antibody 
comprising at least part of an Ig molecule and at 
least part of a non-lg protein, in which both parts 
are capable of functional activity, which process 
comprises: 

a) preparing a first expression vector including a 
suitable promoter operably linked to a DNA se- 
quence comprising a first part which encodes at 
least the variable region of the heavy or light 
chain of an Ig molecule and a second part which 
encodes at least part of a non-lg protein; 

b) preparing a second expression vector includ- 
ing a suitable promoter operably linked to a 
DNA sequence which encodes at least the vari- 
able region of a complementary light or heavy 
chain respectively of an Ig molecule; 

c) transforming an immortalised mammalian cell 
line with the first and second expression vectors 
prepared in steps a) and b); and 

d) cutturing said transformed cell line to produce 
the chimeric antibody. 

The present invention further provides another 
alternative process for producing a chimeric anti- 
body comprising at least part of an Ig molecule 
and at least part of a non-lg protein, in which both 
parts are capable of functional activity, which pro- 
cess comprises: 

a) preparing an expression vector including: a 
first DNA sequence comprising a first part which 
encodes at least the variable region of the heavy 
or light chain of an Ig molecule and a second 
part which encodes at least part of a non-lg 
protein operably linked to a suitable promoter; 



and a second DNA sequence which encodes at 
least the variable region of a complementary 
light or heavy chain respectively of an Ig mol- 
ecule operably linked to a suitable promoter; 
5 b) transforming an immortalised mammalian cell 
ine with the expression vector prepared in step 
a); and 

c) cutturing said transformed cell line to produce 
the chimeric antibody. 

70 The immortalised cell line is preferably of 
lymphoid origin, such as a myeloma, hybridoma, 
trioma or quadroma cell line. The cell line may also 
comprise a normal lymphoid cell, such as a B-cell, 
which has been immortalised by transformation 

75 with a virus, such as the Epstein-Barr virus. Most 
preferably, the immortalized cell line is a myeloma 
cell line or a derivative thereof. 

It is known that some immortalised lymphoid 
cell lines, such as myeloma cell lines, in their 

zo normal state secrete isolated Ig light or heavy 
chains. Such cell lines can be used in the first 
process of the invention, provided that the normally 
secreted chain is complementary to the part of the 
Ig molecule encoded by the first part of the vector 

25 prepared in step a). 

However, where the immortalised cell line does 
not secrete or does not secrete a complementary 
chain, it will be necessary to use the second or 
third process of the invention. 

30 The techniques by which such vectors can be 
produced and used to transform the immortalised 
celt lines are well known in the art, and do not form 
any part of the invention. However, they are well 
illustrated in the following Examples. 

35 In the case where the immortalised cell line 
secretes a complementary light or heavy chain, the 
transformed celt line may be produced by trans- 
forming a suitable bacterial cell with the vector and 
then fusing the bacterial cell with the immortalised 

40 cell line, e.g. by spheroplast fusion. 

The first part of the DNA sequence, which 
encodes at least the variable region of the heavy or 
light chain of the Ig molecule, may be joined di- 
rectly to the non-lg protein part thereof. Altemative- 

45 ly, the variable region part may be joined to the 
non-lg protein part by an intervening sequence 
which encodes a specific cleavage sequence, for 
instance a Factor Xa cleavage sequence as de- 
scribed in EP-A-0 161 937. Reference may be 

so made to this application for further discussion of 
the use to specific cleavage sequences. 

According to a second aspect of the present 
invention, there is provided a chimeric antibody 
comprising at least part of an Ig molecule and at 

55 least part of a non-lg protein, in which both parts 
are capable of functional activity, the antibody 
comprising: 
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a) a first polypeptide chain comprising CO at 
least the variable region of the heavy or tight 
chain of an Ig molecule and (ii) at least part of a 
non-lg protein, the parts (i) and (ii) being linked 
together by either a direct peptide bond or by 5 
an intervening peptide sequence; and 

b) a second polypeptide chain comprising at 
least the variable region of a complementary 
light or heavy chain respectively of an Ig mol- 
ecule, *° 

the first and second chains being associated 
together so as to form an antigen binding site. 
In the first polypeptide chain, the non-lg protein 
may be: 

i) at least the active portion or all of an enzyme; 75 

ii) a protein having a known binding specificity; 
or 

iii) a protein toxin, such as ricin. 

The chimeric antibody in case i) above may be 
used, in particular, in an enzyme linked immunoas- 20 
say (EL1SA) system, in place of the present use of 
separate antibodies and enzymes. 

The chimeric antibody in case ii) above may 
also be used in immunoassays. For instance, the 
protein may have a binding specificity for an easily 25 
detectable label, such as a heavy or radioactive 
metal or a dyed or dyeable molecule. 

The chimeric antibody in case iii) above will 
clearly be of use in therapy, for instance as a 
targeted cytotoxic agent for cancer therapy. In this 30 
respect reference may be made to an article by 
Thorpe et al. (Thorpe, P.E., Edwards, D.C., Davies. 
A.J.S. and Ross, W.C.J., in 'Monoclonal Antibodies 
in Clinical Medicine 1 , 167-201, Eds., McMichael, 
AJ. and Fabre, J.W., Academic Press. 1982). as 

The chimeric antibodies of the present inven- 
tion may include a specific cleavage site between 
the variable region part (i) and the non-lg protein 
part (it). Such chimeric antibodies may be used for 
purifying the non-lg protein. For instance, the vari- 40 
able region may be made specific for a hapten 
which can be immobilised on a chromatography 
medium. The chimeric antibody can then be im- 
mobilised by affinity chromatography and contami- 
nating material can be washed away. The non-lg 45 
protein can then be cleaved from the variable re- 
gion either before or after the variable region is 
eluted from the chromatography medium. 

The present invention is described in more 
detail, by way of non-limiting illustration only, with so 
reference to the accompanying drawings; in which: 

Figure 1A shows the structure of plasmid pSV- 

Vu1; 

Figure 1B shows the predicted structure of the 
IgM molecule produced by the J558L cell line 55 
transformed with the plasmid pSV-Vu1; 
Figure 2 shows polyacrylamide gels of the puri- 
fied IgM molecule produced by the J558L cell 



line transformed with the plasmid pSV-Vu1; 
Figure 3A shows the structure of plasmid pSV- 

Figure 3B shows the predicted structure of the 
F(ab)*2 chimeric antibody produced by the 
J558L cell line transformed with the plasmid 

psv-v NPY s; 

Figure 4 shows polyacrylamide gels of purified 
products produced by the J558L cell line trans- 
formed with various plasmids; 
Figure 5 shows polyacrylamide gels of purified 
products produced by the J558L cell line trans- 
formed with various plasmids in the presence or 
absence of tunicamycin; 

Figure 6A shows the structure of plasmid pSV- 
VNpySNase; 

Figure 6B shows the predicted structure of the 
chimeric antibody produced by the J558L cell 
line transformed with the ptasmid pSV- 
VnipySNase; 

Figure 7 shows polyacrylamide gels used for 

monitoring SNase activity; 

Figure 8 shows an ELISA-type assay; 

Figure 9 shows the structure of plasmid pSV- 

VMPrmyc; 

Figure 10 shows an assay for c-myc antigenic 
determinant in Fab-myc; 

Figure 11A shows the structure of plasmid pSV- 
VwryKlenow; 

Figure 1 1 B shows the predicted structure of the 
Fab-yKlenow chimeric antibody produced by the 
J558L cell line transformed with plasmid pSV- 
VMpyKlenow; 

Figure 12 shows polyacrylamide gels of the 
purified Fab-yKlenow chimeric antibody; and 
Figure 13 shows an assay for Ktenow fragment 
activity. 

In the drawings which show plasmids, thin hori- 
zontal lines depict pSV2 gpt vector, thick lines 
represent mouse or human Ig gene DNA, exons 
are represented by boxes, and hatched areas re- 
present non-lg protein DNA. 

The locations of the heavy chain locus tran- 
scription enhancer element (E) and the gpt gene 
are indicated. Restriction endonuclease cleavage 
sites are abbreviated as follows: 
R = Eco Rl; Xh = Xho I; S = Sac I; and Sl/Xh = 
a sequence formed by joining a Sal I site to an Xho 
I site. The sequence is presentecfaround the Xho I 
site of plasmid pSV-V NP 7SNase. which forms a 
junction of the ?2b CH2 exon and the SNase gene. 

In the diagrammatic representations of the pre- 
dicted structures of Ig molecules and chimeric anti- 
bodies, disulphide linkages between heavy (H) and 
light (X) chains are indicated by <-S-); Only one 
subunit of the decavalent pSV-Vm encoded IgM is 
illustrated. 
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PRELIMINARY EXPERIMENTS 

In the following Examples use is made of an 
established mouse plasmacytoma cell line J558L 
which secretes Xi light chains but does not pro- 
duce any Ig heavy chain. This plasmacytoma cell 
line is described by Oi et al. (Oi, V.T., Morrison, 
S.U Herzenberg, LA, and Berg, P., PNAS USA, 
80, 825-829,1983). 

In the Examples, reduced samples were ana- 
lyzed on 12% polyacrylamide gels, while unreduc- 
ed samples were analyzed on 7% polyacrylamide 
gels. 

The Examples also use plasmid pSV-Vu1 de- 
scribed by Neuberger, M.S.. EMBO J., 2, 1373- 
1378, 1983. This plasmid comprises a complete 
mouse immunoglobulin u gene cloned into the 
expression vector pSV2 gpt, and is shown in Figure 
1A. The Ig u polypeptide encoded by this plasmid 
has a heavy chain variable region, V H , characteris- 
tic of Xi light chain-bearing mouse antibodies 
which are specific for the hapten 4-hydroxy-3- 
nitrophenacetyl (NP): NP binding activity should 
therefore be formed following association of the 
pSV-Vm encoded heavy chain with mouse Xi light 
chains. 

To confirm this, pSV-Vu1 DNA was introduced 
by spheroplast fusion into the J558L cell line and 
growth in selective medium essentially as de- 
scribed in the Neuberger article referred to above, 
except that HAT was omitted from the selective 
medium and mycophenolic acid was used at 
5ug/ml, as described in the Oi et al. article referred 
to above. Cells were cloned by limiting dilution. 
Antibody samples were purified from supernatants 
of cloned J558L transfectants grown in Dulbecco's 
modified Eagle's medium containing 5% foetal calf 
serum. Supernatants (2 litres) were passed over 
2ml columns of 4-hydroxy-5-iodo-3- 
nitrophenacetyl-amino-caproic acid Sepharose 
(NIPcap-Sepharose) and antibody eluted from the 
washed sorbent with imM NIPcapOH in phosphate 
buffered saline. 

Biosynthettcally labelled antibody was purified 
on 40 ul NIPcap-Sepharose columns from super- 
natants of cells incubated for 4h at 37 *C in me- 
dium containing L-PSJ-methionine. Tunicamycin 
was, if required, included during the labelling and 
during a 2h preincubation at 8ug/mt (parallel in- 
cubations with an IgE secreting cell line confirmed 
the efficacy of this treatment). 

Stably transfected cells were selected and 
cloned by limiting dilution. Twenty clones were 
analyzed by radioimmunoassay and each secreted 
high levels of an NP-specific IgM antibody. As 
illustrated in Figure 2, homogeneous anti-NP IgM 
antibody can be purified from supernatants of pSV- 
Vul transfected clones with a yield of about 



3mg/ml. 

In Figure 2 : lane (a) shows purified antibody 
(30ug) which has been boiled with 2-mercap- 
toethanol prior to electrophoresis and stained with 
5 Coomassie blue; and lane (b) shows markers to 
enable the molecular weight of the chains to be 
estimated. The predicted structure of the Ig mol- 
ecule isolated from pV-Vm transfected clones is 
shown in Figure 1B. 

TO 

F(ab)'2 - like modified antibody 

A derivative of pSV-Vu1 was constructed in 
which the Cu exons were replaced by the CM and 

75 hinge exons of the mouse 72b gene. To provide 
translation termination and polyadenylation se- 
quences, an exon, C6s, derived from the gene 
encoding secreted mouse 5 chains was placed at 
the 3' end of the gene. The constructed plasmid 

20 pSV-V N rr* is shown in Figure 3A. 

To construct plasmid pSV-V^J, the V NP ex- 
ons from pSV-Vu1 contained on a common Eco Rl 
fragment are placed in a vector consisting "oTthe 
Bam HI - Eco Rl fragment of pSV2gpt (see Mul- 

25 ligan. R.C. and Berg. P.. PNAS USA, 78, 2072- 
2076, 1981) with an Xho I adapter in the Bam HI 
site. The plasmid contains an Eco Rl - Sac I mouse 
Gy2b fragment derived from~phage XMYG9 (see 
Neuberger, M.S. and Calabi, F., Nature. 305, 240- 

30 243, 1983). The mouse C6 S exon as the PSV-V NP t$ 
plasmid is contained in a Bam HI fragment of 
phage Ch 257 3 (see Cheng, H. - L, Blattner, F. R., 
Fitzmaurice, L, Mushinski, J.F., and Tucker, P.W.. 
Nature, 296, 410-415, 1982) which was obtained as 

35 a Sac I - Sal I fragment after cloning in M13mp 1 1 . 
"The truncated heavy chain gene of plasmid 
pSV-V N rr$ would be expected to direct the synthe- 
sis of a F(ab)'2 -like chimeric antibody, as shown 
diagrammatically in Figure 3B, consisting of two 

40 lgG2b Fab molecules disulphide linked together 
through the 72b hinge with a 21 amino acid tail 
piece at the carboxy terminus encoded by the C6 S 
exon. 

Plasmid pSV-V^S was transfected into J558L 
45 cells and radioimmunoassay revealed that stably 
transfected cells secreted high levels of Xi -bearing 
anti-NP antibody. This NP-specific antibody was 
purified from culture supernatants of several trans- 
fected clones with a yield of 5 to 10mg/l. 
50 Polyacrylamide gel electrophoresis of the purified 
material (Figure 4) shows that the major protein 
species has an unreduced molecular weight of 
about 110,000 daltons. After reduction, a band 
comigrating with X light chain as well as several 
55 higher molecular weight polypeptides are ob- 
served. The most abundant of these larger poly- 
peptides has a molecular weight of 31,000 and 
would constitute the heavy chain of the F(ab)*2 like 
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antibody. However, there is clear contamination of 
the pSV-Vnpt5 F(ab)' 2 antibody with other NP-bind- 
ing material that has an unreduced molecular 
weight of around 50,000 dattons and is composed 
of Xi light chains and one of several heavy chains 
in the molecular weight range 36.000 to 40,000. 
The presence of this minor antibody component 
does not reflect glycosylate heterogeneity as the 
electrophoretic mobility of the p$V-V NP y5 encoded 
anti-NP antibody is unaffected by inclusion of 
tunicamycin in the incubation medium during 
biosynthetic labelling experiments (Figure 5). It is 
likely that the minor bands differ from the F(ab) f 2 
antibody in the carboxy terminal portion of the 
heavy chain, possibly as a result of alternative 
processing of pSV-V N py£ immunoglobulin gene 
RNA transcripts. Nevertheless, despite the con- 
taminating bands, it is clear that F(ab)'2-like anti-NP 
antibody can be synthesized and secreted in good 
yield by pSV-V NP Y$ transfected J558L cells. 

Experiments according to the Invention 

Example 1- Fab-nuclease chimeric antibody 

A DNA restriction fragment containing the S. 
aureus nuclease (SNase) gene was inserted into 
the Xho I site located in the CH2 exon of the 
mouse~72b gene. Plasmid pSV-V NP 7SNase was 
assembled by inserting the V NP exons contained on 
the common Eco Rl fragment into the vector com- 
prising the BanT HI - Eco Rl fragment of pSV2gpt 
with an Xho I adapter in the Bam HI site as 
described~above. An Eco Rl - Xho I mouse Cy2b 
fragment derived from~phage XMYG9 was also 
inserted in the vector, so that pSV-V^SNase con- 
tains the y2b CH1, hinge and 5* end of the CH2 
exons. The SNase coding region is derived from an 
M13mp8 clone containing an S. aureus Sau 3A 
fragment in the Bam HI site. Removal of the"SNase 
gene from M13mp8 as a Bam - Sal I fragment and 
recloning in M13mp12W (see Karn, J., Mathes, H. 
W. D., Gait, M. J., and Brenner, S., Gene, 32, 217- 
224, 1984) allowed its isolation as an Xho I - Sal I 
fragment for final assembly of the pSV^V^pySNiie, 
the structure of which is shown in Figure 6A. 

The heavy chain gene of pSV-V NP 7SNase is 
similar to that of pSV-V NP -y6 except that the CS S 
exon has been removed and replaced by an exon 
containing the first four codons of the y2b CH2 
exon fused in phase to the nuclease coding region. 
SV40-derived sequences of the pSV2gpt-derived 
vector provide polyadenylation signals. 

J558L cells were transfected with pSV- 
V NP7 SNase and cells surviving in selective medium 
were cloned by limiting dilution. Radioimmunoas- 
say of supernatants of cloned transfectants re- 
vealed that about one third were positive for the 



production of X-bearing anti-NP antibody. Positive 
clones yielded between 1 mg/1 and 10 mg/1 of NP 
binding antibody, which has the predicted structure 
shown in Figure 6B. 

5 Analysis of biosynthetically labelled antibody 
by get electrophoresis reveals a band comigrating 
with Xi light chain as well as two heavy chain 
bands of molecular weight 45,000 and 46,000 
(Figure 5). The difference between these two heavy 

ro chains has not been identified but their mobilities 
agree well with the predicted mobility of the 
V N p7SNase heavy chain. Although the sequence 
Asn-Asn-Thr is present in SNase, the two 
V NP7 SNase heavy chain bands are still present in 

75 samples purified from supernatants of cells that 
have been biosynthetically labelled in the presence 
of tunicamycin (Figure 5). This demonstrates that 
the difference between the two pSV-V NP 7SNase 
heavy chains is not due to N-linked glycosylate. 

20 The V NP7 SNase antibody appears somewhat more 
heterogenous on a non-reduced gel, giving bands 
with the expected mobilities of both the F(ab)V 
SNase and Fab-SNase (Figure 4). The presence of 
SNase on the heavy chain carboxy terminus might 

25 inhibit disulphide linking of the 72b hinge regions. 

To test for nuclease activity in the V N P7SNase 
preparation, samples which had been purified on 
hapten-Sepharose columns were incubated with 
single stranded DNA substrate. Digestion of the 

30 DNA was monitored following agarose gel elec- 
trophoresis as follows. Single stranded M 13 DNA 
(2ug) was incubated at 37 • C for 30 minutes in 25 
mM sodium borate, 250 mM NaCI, 10mM CaCb, 
pH 8.5 (20ul) containing varying amounts of 

35 V N prSNase chimeric antibody or of purified S. 
aureus nuclease. The quantities of 
antibody/enzyme used are given in nanograms. 
DNA in the samples was then analyzed by 
ethidium bromide fluorescence after elec- 

40 trophoresis through a 1.2% agarose gel. A Hind III 
digest of phage X DNA provides size markers. Ca ++ 
dependency of the nuclease activity was confirmed 
by running incubations in the presence of 40mM 
MgCI 2 , 25mM EGTA. 

45 As shown in Figure 7, SNase but not 
V NPY 6 antibodies show nuclease activity and this 
activity - like that of authentic S. aureus nuclease - 
is dependent on Ca +4 but not Mg ++ ions. As judged 
on a molar basis, the catalytic activity of the 

so V NP 7SNase sample is about 10% that of authentic 
S.aureus nuclease. 

The V NPY SNase chimeric antibody can be used 
as a genetically conjugated enzyme linked anti- 
body in ELISA-type assays as shown in Figure 8. 

55 Antigen coated plastic plates were incubated with 
various amounts of V^SNase protein and bound 
antibody was then detected by virtue of its 
nuclease activity. This was achieved by addition to 
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the plate of a solution containing DNA and ethidium 
bromide. Following digestion of the DNA substrate 
by the immobilized V WP YSNase antibody, the flu- 
orescence due to the DNA/ethidium bromide com- 
plex substantially decreased. 

In particular, polyvinyl microtitre plates were 
coated with (NIPfeo - bovine serum albumin 
(40ug/ml). After blocking unreacted sites with BSA, 
dilutions of V^SNase or V NPy 6 chimeric anti- 
bodies were incubated in the wells, the amounts of 
antibody being given in nanograms in Figure 8. 
After washing off unbound material, a solution 
(40ul) containing lug M13 single stranded DNA 
and 1ug/mt ethidium bromide in pH 8.5 buffer was 
added. The plate was photographed after a 1 hour 
incubation at 37 *C 

As shown in Figure 8, quantities in the range of 
10 ng of V^SNase antibody are easily detected 
and no decrease in fluorescence is obtained with 
the V N p7$ antibody control. We have found that the 
assay may be made at least tenfold more sensitive 
by increasing the incubation time with the DNA 
substrate. 

Example 2 - Fab-myc chimeric antibody 

The carboxyterminal portion of the mouse c- 
myc gene was fused to the antibody Fab. The 
product of the c -myc gene is a protein which 
contains many thiol groups and is normally resi- 
dent within the cell. There is no reason to believe 
that the third exon of c -myc on its own will encode 
a functional protein domain. Thus, rf the Fab-myc 
fusion protein were secreted from the cell it would 
provide a source of protein for making anti-myc 
antisera. 

Plasmid pSV-Vwpymyc was assembled essen- 
tially as described for the assembly of pSV-V N ?y£ 
except that the pSV-V NP7 5 Sac t - Xho I fragment 
containing the C6 t exon was~replaced~by a Sac I - 
Bgl II fragment containing the 3* exon of mouse c- 
myc. The restriction site in Figure 9 marked Bg/B 
is~a site formed by joining the Bgl II site at the 3' 
end of c -myc to the Bam Hi site of pSV2gpt. The 
c- myc fragment comes from phage XMYG2, which 
contains the translocated c-myc gene of mouse 
plasmacytoma X63Ag8 (see Neuberger and Calabi, 
loc. cit). 

The plasmid is simitar in structure to pSV- 
V NP7 6 except that the C5 S exon is replaced with the 
3*-terminal exon of the mouse c- myc gene. This c- 
myc exon encodes 187 aminoacids" (see Bernard, 
OTCory, S., Gerondatis, S., Webb, E. and Adams, 
J. M., EMBO J., 2375-2383, 1983) and should 
provide the transcription polyadenylation signal. 

The plasmid was transfected into J558L and 
cells from wells positive for production of anti-NP 
antibody cloned by limiting dilution. Hapten-binding 



protein was purified from culture supematants and 
analyzed for the presence of c- myc antigenic de- 
terminants in an indirect radioimmunoassay. 

Samples of either the putative Fab-myc or of 

s the anti-NP F(ab)*2 (to act as control) were in- 
cubated in wells of a polyvinyl microtitre plate that 
had been coated with a monoclonal anti-c-myc 
antibody; bound anti-NP antibody was then de- 
tected using a radioiodinated monoclonal anti- 

io idiotype antibody which recognises the Fab portion 
of the anti-NP antibodies. 

As shown in Figure 10, the Fab-myc clearly 
binds to the monoclonal anti-c-myc antibody, 
whereas the anti-NP F(ab)*2 and othiTcontrols do 

75 not. The Fab-myc was also recognized by two 
other monoclonal antibodies that are specific for 
the carboxyterminal end of c-myc. 
SDS/polyacrylamide gel electrophoresis of the Fab- 
myc reveals that it is somewhat heterogenous; a 

20 band comigrating with Xi light chains and several 
bands with higher molecular weight in the range 
38,000 to 55,000 dattons are observed, without a 
single dominant heavy chain band being apparent. 
The expected size of the Fab-myc is 50.000 dal- 

25 tons. It has been observed that, after prolonged 
storage, precipitates appear in the Fab-myc sample 
and SDS/polyacrylamide gel electrophoresis re- 
veals more extensive heterogeneity of the heavy 
chain bands. We therefore believe that the het- 

30 erogeneity of the Fab-myc protein indicated by the 
SDS/polyacrylamide gel analysis is most probably 
due to proteolytic degradation. 

Example 3 - Fab- 7 - Klenow Chimeric Antibody. 

35 

A plasmid, pSV-V NF yyKlenow, which encodes 
the heavy chain of a recombinant antibody in which 
the Klenow fragment of DNA polymerase I is fused 
to the Fab portion of a mouse lgG2b molecule, was 

40 assembled. 

The construction of pSV-V NP 7 Klenow is analo- 
gous to that previously described for pSV- 
VwrySNase. The coding region for the Klenow frag- 
ment of DNA polymerase I was obtained as a Bam 

45 HI fragment by combining two plasmids, pCJ14 
(CM. Joyce and N.G.D. Grindley, PNAS USA. 80, 
1830-1834, 1983) and pCJ89 (CM. Joyce and 
N.G.D. Grindley, J. Bacterid ., 158, 636-643, 1984), 
in which Bam HI linkers have been inserted on 

so either side of the Klenow coding region. This Bam 
HI fragment was converted into a Sal I fragment by 
use of linkers and inserted into the unique Xho I 
site of pSV-V NP7 2b (CH2, CH3). 

This antibody/enzyme fusion gene contains a 

55 variable region, V NPl such that association of the 
pSV-V NP 7Klenow heavy chain with the mouse im- 
munoglobulin X light chain from the J558L cell line 
will form a binding site for the hapten 4-hydroxy-3- 
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nitrophenacetyl (NP). The Vmp gene is linked to 
exons encoding the CH1 , hinge and aminoterminal 
part of the CK2 domain of a mouse im- 
munoglobulin y 2b heavy chain. The DNA encoding 
the rest of CH2 and all of CH3 has been replaced 
by a fragment of the E. coli DNA polymerase I 
gene that specifies the 5*-3' polymerase and ^-S* 
exonuclease activities (the Klenow fragment). This 
Fab-Klenow fusion gene was cloned into the plas- 
mid vector pSV2gpt which provides a polyadenyla- 
tion signal for the Fab-Klenow transcription unit and 
also provides a marker, gpt, that confers resistance 
to the drug mycophenoiic acid and thus allows 
selection of stably transfected mammalian cells. 

Spheroplast fusion was used as a means to 
introduce pSV-V NP 7Klenow DNA into J558L cells. 
(The procedure used for protoplast fusion and se- 
lection of transfected clones is described in detail 
by M. S. Neuberger and G. T. Williams in Protein 
engineering : applications in science, medicine and 
industry (M. Inouye and R. Sarma, eds.) t Academic 
Press,) Stable transfectants were selected in me- 
dium containing mycophenoiic acid and the pres- 
ence of NP-specific antibody in the culture medium 
of such transfectants was identified by radioim- 
munoassay. The transfectants were cloned by limit- 
ing dilution and one particular clone, JW64/7, that 
gave a high antibody titre was chosen for further 
study. 

The protein secreted by JW64/7 was examined 
by SDS/polyacrylamide gel electrophoresis of bio- 
synthetically labelled samples that had been puri- 
fied on hapten-Sepharose sorbent (Figure 12B). As 
expected from the predicted structure of the Fab- 
Klenow protein (Figure 11B), the gel reveals the 
presence of two polypeptide chains: a band cor- 
responding to Xi light chain and a heavy chain of 
mol. wt. about 96,000 (Figure 12B). Within the 
Klenow portion of the Fab-Klenow heavy chain, four 
sequences of the form Asn-X-Thr/Ser are encoun- 
tered; these might constitute sites for N-tinked 
glycosylation. In order to discover whether the Fab- 
Klenow heavy chain is in fact glycosylated, biosyn- 
thetic labelling experiments were performed in the 
presence of the glycosylation inhibitor tunicamycin. 
The results (Figure 12B) reveal that tunicamycin 
does indeed result in the synthesis of a heavy 
chain of reduced molecular weight. 

Fab-Klenow protein was purified by affinity 
chromatography on NP-Sepharose from culture 
supernatant of JW64/7 grown in DM EM/10% foetal 
calf serum, giving a homogeneous preparation 
(Figure 12A). The yield varied in the range of 1 to 
15 mg of protein per litre of culture supernatant. 
The 5*-3' polymerase activity of the purified protein 
was measured using the classical assay (The as- 
say was performed as described by P. Setlow, 
Methods Enzymol. 29, 3-12, 1974.) in which the 



enzyme is incubated with "activated" DNA and the 
four dNTPs, one of which is radiolabeled; the 
incorporation of radioactivity into acid-precipitable 
material is followed. In this assay, using activated 

5 calf thymus DNA as substrate, the Fab-Klenow 
gave an activity of about 1.1 x 10 3 units/mg as 
compared to a value of 7 x 10 3 units/mg obtained 
under the same assay conditions using a commer- 
cial sample of homogeneous Klenow fragment 

ro which had been prepared by proteolytic fragmenta- 
tion of DNA polymerase I purified from E. coli. A 
decreased specific activity (expressed as units per 
mg protein) of the Fab- Klenow compared to the 
normal enzyme is to be expected in view of their 

75 different molecular weights. However, this can only 
account for part of the difference in activity. Exami- 
nation of unreduced Fab-Klenow in 
SDS/polyacrylamide gels (not shown) suggests the 
presence of divalent F(abV Klenow as well as 

20 monovalent protein. It is possible that the F(abV 
Klenow might only show half-site reactivity; alter- 
natively, it might be that glycosylation reduces the 
specific activity of the Fab-Klenow. 

A major use of DNA polymerase I Klenow 

25 fragment is in the chain termination of DNA 
sequencing. As shown in Figure 13, Fab-Klenow 
can indeed be used successfully for this purpose. 
Figure 13 shows the use of Fab-Klenow in chain 
termination DNA sequencing. DNA from an M13 

30 clone was sequenced using Fab-Klenow as de- 
scribed by Sanger et al. (F. Sanger, S. Nicklen and 
A. R. Coulson, PNAS USA, 74, 5463-5476, 1077) 
using 1 unit per clone of Fab-Klenow. 

Thus it has been shown that recombinant anti- 

35 body technology can usefully be applied to the 
tagging of specific enzymes such that they are 
secreted from the cell and can be readily purified 
to homogeneity in a one step purification. 

40 CONCLUSION 

The above Examples demonstrate that by us- 
ing the process of the present invention, it is possi- 
ble to produce secreted, functional chimeric anti- 
45 bodies, which was not previously possible. The 
process enables the production of a number of 
chimeric antibodies which have not previously been 
known. 

50 Claims 

1. A process for the production of a chimeric 
antibody comprising at least part of an Ig mol- 
ecule and at least part of a non-lg protein, in 
55 which both parts are capable of functional ac- 
tivity, the process comprising: 

a) preparing an expression vector including 
a suitable promoter operably linked to a 
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DNA sequence comprising a first part which 
encodes at least the variable region of the 
heavy or light chain of an Ig molecule and a 
second part which encodes at least part of a 
non-lg protein; 5 

b) transforming an immortalised mammalian 
cell line, which secretes an isolated Ig light 
or heavy chain respectively complementary 
to the part of the Ig molecule encoded by 

the first part of the vector prepared in step to 
(a), with the prepared vector; and 

c) cutturing said transformed cell line to 
produce the chimeric antibody. 

2. A process for the production of a chimeric 75 
antibody comprising at least part of an Ig mol- 
ecule and at least part of a non-lg protein, in 
which both parts are capable of functional ac- 
tivity, the process comprising: 

a) preparing a first expression vector includ- 20 
ing a suitable promoter operably linked to a 
DNA sequence comprising a first part which 
encodes at least the variable region of the 
heavy or light chain of an Ig molecule and a 
second part which encodes at least part of a 25 
non-lg protein; 

b) preparing a second expression vector 
including a suitable promoter operably 
linked to a DNA sequence which encodes at 
least the variable region of a complemen- 30 
tary light or heavy chain respectively of an 

Ig molecule; 

c) transforming an immortalised mammalian 
cell line with the first and second expression 
vectors prepared in steps a) and b); and 35 

d) cutturing said transformed cell line to 
produce the chimeric antibody. 

3. A process for the production of a chimeric 
antibody comprising at least part of an Ig mol- 40 
ecule and at least part of a non-lg protein, in 
which both parts are capable of functional ac- 
tivity, the process comprising: 

a) preparing an expression vector including: 

a first DNA sequence comprising a first part 45 
which encodes at least the variable region 
of the heavy or light chain of an Ig molecule 
and a second part which encodes at least 
part of a non-lg protein operably linked to a 
suitable promoter; and a second DNA se- 50 
quence which encodes at least the variable 
region of a complementary light or heavy 
chain respectively of an Ig molecule op- 
erably linked to a suitable promoter; 

b) transforming an immortalised mammalian 55 
cell line with the expression vector prepared 

in step a); and 



c) culturing said transformed cell tine to 
produce the chimeric antibody. 

4. The method of any one of claims 1 to 3, 
wherein the immortalised cell line is of myeloid 
origin. 

5. The method of claim 4, wherein the immor- 
talised cell line is a myeloma cell line or de- 
rivative thereof. 

6. The method of claim 1 or any claim dependent 
thereon wherein transformation is accom- 
plished by transforming a suitable bacterial cell 
with the vector prepared in step a) and then 
fusing the bacterial cell with the immortalised 
cell line. 

7. The method of any one of claims 1 to 6, 
wherein the first part of the DNA sequence, 
which encodes at least the variable region of 
the heavy or light chain of the Ig molecule, is 
directly linked to the second part, which en- 
codes at least part of a non-lg protein. 

a The method of any one of claims 1 to 6, 
wherein the first part of the DNA sequence, 
which encodes at least the variable region of 
the heavy or light chain of the Ig molecule, is 
linked to the second part, which encodes at 
least part of a non-lg protein, by an intervening 
sequence which encodes a specific cleavage 
sequence. 

9. The method of claim 8, wherein the cleavage 
sequence is specific for Factor Xa. 

10. A chimeric antibody comprising at least part of 
an Ig molecule and at least part of a non-lg 
protein in which both parts are capable of 
functional activity, the antibody comprising: 

a) a first polypeptide chain comprising: (i) at 
least the variable region of the heavy or 
light chain of an Ig molecule; and (ii) at least 
part of a non-lg protein, the parts (i) and (ii) 
being linked together by either a direct pep- 
tide bond or by an intervening peptide se- 
quence; and 

b) a second polypeptide chain comprising 
at least the variable region of a complemen- 
tary light or heavy chain respectively of an 
Ig molecule, 

the first and second chains being asso- 
ciated together so as to form an antigen 
binding site. 

11. The chimeric antibody of claim 10, wherein the 
non-lg protein is an enzyme. 
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12. The chimeric antibody of claim 10, wherein the 
non-lg protein is a non-lg protein of known 
binding specificity. 

13. The chimeric antibody of claim 10, wherein the 5 
non-lg protein is a protein toxin. 

14. The chimeric antibody of any one of claims 10 
to 13, wherein the first peptide chain includes 

a specifically cleavable linker sequence be- io 
tween the variable region part (i) and the non- 
lg protein part (ii). 

15. Use of the chimeric antibody of claim 11 in an 
ELISA-type assay. is 

16. Use of the chimeric antibody of claim 12 in an 
immunoassay. 

17. The chimeric antibody of claim 13 for use in 20 
therapy. 

18. Use of the chimeric antibody of claim 14 in the 
purification by affinity chromatography of the 
non-lg protein part. 25 

PatentansprUche 

1. Verfahren zur Herstellung eines chimarischen 
Antikorpers, der zumindest einen Teil eines Ig- 30 
Molekuls und zumindest einen Teil eines 
Nicht-lg-Molekuls enthStt und in dem beide 
Teile zu funktioneller AktivitSt befShigt sind, 
welches Verfahren folgende Schritte umfaBt: 

a) Herstellung eines Expressionsvektors, der 35 
einen geeigneten, mit einer DNA-Sequenz 
betrieblich verbundenen Promotor enthalt, 
wobei die DNA-Sequenz einen ersten, fur 
zumindest die variable Region der schweren 
Oder leichten Kette eines Ig-MolekUls codie- ao 
renden Teil und einen zweiten, fur zumin- 
dest einen Teil eines Nicht-lg-Proteins co- 
dierenden Teil enthSrt; 

b) Transformierung einer im mortal isierten 
Saugetierzellinie mit dem so hergestellten 45 
Vektor, wobei die Saugetierzellinie eine iso- 
lierte lg-leichte bzw. schwere Kette aus- 
scheidet, die zu dem Teil des Ig-MolekOls, 

der von dem ersten Teil des in Stufe (a) 
hergestellten Vektors codiert wird, komple- so 
mentar ist; und 

c) ZQchtung dieser transformierten Zellinie 
zur Herstellung eines chimarischen AntikSr- 
pers. 

55 

2. Verfahren zur Herstellung eines chimarischen 
Antikorpers, der zumindest einen Teil eines Ig- 
MolekUts und zumindest einen Teil eines 



Nicht-lg-Molekuis enthalt und in dem beide 
Teile zu funktioneller Aktivrtat befahigt sind, 
welches Verfahren folgende Schritte umfaBt: 

a) Herstellung eines ersten Expressionsvek- 
tors, der einen geeigneten, mit einer DNA- 
Sequenz betrieblich verbundenen Promotor 
enthSIt, wobei die DNA-Sequenz einen er- 
sten, fur zumindest die variable Region der 
schweren oder leichten Kette eines Ig-Mole- 
kuls codierenden Teil und einen zweiten, fur 
zumindest einen Teil eines Nicht-lg-Proteins 
codierenden Teil enthSIt; 

b) Herstellung eines zweiten Expressions- 
vektors, der einen geeigneten, mit einer 
DNA-Sequenz betrieblich verbundenen Pro- 
motor enthalt, wobei die DNA-Sequenz fOr 
zumindest die variable Region einer kom- 
plementaren leichten bzw. schweren Kette 
eines tg- Molekuls codiert; 

c) Transformierung einer immortalisierten 
Saugetierzellinie mit den ersten und zwei- 
ten, in Stufen a) und b) hergestellten Vekto* 
ren; und 

d) ZUchtung dieser transformierten Zellinie 
zur Herstellung eines chimarischen Antikdr- 
pers. 

3. Verfahren zur Herstellung eines chimarischen 
Antikorpers, der zumindest einen Teil eines Ig- 
Molekuls und zumindest einen Teil eines 
Nicht-lg-MolekOls enthalt und in dem beide 
Teile zu funktioneller Aktivitat befShigt sind, 
welches Verfahren folgende Schritte umfaBt: 

a) Herstellung eines Expressionsvektors, der 
enthalt: eine erste DNA-Sequenz, die einen 
ersten, flir zumindest die variable Region 
der schweren oder leichten Kette eines Ig- 
Molekuls codierenden Teil und einen zwei- 
ten, fUr zumindest einen Teil eines Nicht-lg- 
Proteins codierenden Teil in betrieblicher 
Verbindung mit einen geeigneten Promotor 
umfaBt; und eine zweite DNA-Sequenz, die 
fOr zumindest die variable Region einer 
komplementaren leichten bzw. schweren 
Kette eines Ig-MolekUls codiert und in be- 
trieblicher Verbindung mit einem geeigneten 
Promotor steht; 

b) Transformierung einer immortalisierten 
Saugetierzellinie mit dem in Stufe a) herge- 
stellten Vektor; und 

d) Zuchtung dieser transformierten Zellinie 
zur Herstellung eines chimarischen Antikor- 
pers. 

4. Verfahren nach einem der Anspruche 1 bis 3, 
bei welchem die immortalisierte Zellinie mye- 
loiden Ursprungs ist. 
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5. Verfahren nach Anspaich 4, bei welchem die 
immortalisierte Zellinie eine Myelomzellinie 
Oder ein Derivat derseiben ist. 

6. Verfahren nach Anspruch 1 oder einem davon 
abhangigen Anspruch, bei welchem die Trans- 
formierung dadurch erfotgt, dafi eine geeignete 
Bakterienzelle mrt dem in Stufe a) hergestell 
ten Vektor transformiert und dann die Bakte- 
rienzelle mit der immortalisierten Zellinie fusio- 
niert wird. 

7. Verfahren nach einem der Anspruche 1 bis 6, 
bei welchem der erste Teil der DNA-Sequenz, 
die fur zumindest die variable Region der 
schweren oder leichten Kette des Ig-MolekUls 
codiert, direkt an den zweiten Teil, der zumin- 
dest fUr einen Teil eines Nicht-lg-Proteins co* 
diert, gebunden ist. 

8. Verfahren nach einem der AnsprOche 1 bis 6, 
bei welchem der erste Teil der DNA-Sequenz, 
der fur zumindest die variable Region der 
schweren oder leichten Kette des Ig-MolekUls 
codiert, an den zweiten Teil, der fUr zumindest 
einen Teil eines Nicht-lg-Proteins codiert, mrt 
Hiffe einer dazwischenliegenden Sequenz, die 
fur eine spezifische Spaltungssequenz codiert, 
gebunden ist. 

9. Verfahren nach Anspruch 8, bei welchem die 
Spaltungssequenz spezifisch fur Faktor Xa ist. 

10. Chimarischer Antikorper, der zumindest einen 
Teil eines Ig-MolekOls und zumindest einen 
Teil eines Nicht-lg-MolekUls enthait und in 
dem beide Teile zu funktioneller Aktivitat befa- 
higt sind, welcher Antikorper umfaBt: 

a) eine erste Polypeptidkette, die enthait: (i) 
zumindest die variable Region der schweren 
oder leichten Kette eines Ig-Molekuls; und 
(ii) zumindest einen Teil eines Nicht-lg-Pro- 
teins, wobei die Teile (i) und (ii) entweder 
durch eine direkte Peptidbindung oder 
durch eine dazwischenliegende Peptidse- 
quenz aneinander gebunden sind; und 

b) eine zweite Polypeptidkette, die zumin- 
dest die variable Region einer komplemen- 
taren leichten bzw. schweren Kette eines Ig- 
Molekuls umfaBt, 

wobei die erste und die zweite Kette so 
aneinander gebunden sind, daB sie eine an- 
tigene Bindungsstelle bilden. 

11. Chimarischer Antikorper nach Anspruch 10, 
bei welchem das Nicht-lg-Protein ein Enzym 
ist. 



12. Chimarischer Antikorper nach Anspruch 10, 
bei welchem das Nicht-lg-Protein ein Nicht-lg- 
Protein mit bekannter Bindungsspezifitat ist. 

5 13. Chimarischer Antikorper nach Anspruch 10, 
bei welchem das Nicht-lg-Protein ein Protein- 
Toxin ist. 

14. Chimarischer Antikorper nach einem der An- 
io spriiche 10 bis 13, bei welchem die erste 

Peptidkette eine spezifisch spaltbare Bin- 
dungssequenz zwischen dem Teil (i) der vari- 
ablen Region und dem Teil (ii) des Nicht-lg- 
Proteins umfaBt. 

15 

15. Verwendung des chimSrischen Antikorpers 
nach Anspruch 1 1 in einem Assay des ELISA- 
Typs. 

20 16. Verwendung eines chimarischen Antikorpers 
nach Anspruch 12 in einem Immunoassay. 

17. Chimarischer Antikorper nach Anspruch 13 zur 
Verwendung in der Therapie. 

25 

18. Verwendung des chimarischen Antikorpers 
nach Anspruch 14 zur Reinigung des Nicht-lg- 
Proteinteils durch Affinitatschromatographie. 

30 Revendications 

1. Un procSde pour la production d'un anticorps 
chimfcre ou chim§rique comprenant au moins 
une partie d'une molecule d'lg 
35 (immunoglobulins) et au moins une partie 
d'une proline de non-lg, dans lequel les deux 
parlies sont capables d'une activity fonction- 
nelle, ce procede comprenant: 

a) la preparation d'un vecteur d'expression 
40 comprenant un promoteur convenable reli£ 

d'une maniere op6rationnelle a une sequen- 
ce d'ADN comprenant une premifere partie 
qui code pour au moins la region variable 
de la chains, lourde ou &gere, d'une mol4- 
45 cule d'lg et une seconde partie qui code 

pour au moins une partie d'une proteine de 
non-lg; 

b) la transformation d'une lignee cellulaire 
immortalize de mammifere, qui secrete 

so une chaTne, I6gfere ou lourde, respective- 

ment, d'lg isol£e, comptementaire de la par- 
tie de la molecule d'lg cod6e par la premie- 
re partie du vecteur pr£par€ dans la phase 
a), avec le vecteur prepare; et 

55 c) la culture de ladite lignee cellulaire trans- 

form^ pour produire I'anticorps chim£rique. 
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2. Un procede pour la production d'un anticorps 
chimere ou chimerique comprenant au moins 
une partie d'une molecule dig 
(immunoglobulin) et au moins une partie 
d'une proline de non-lg, dans iequel les deux 5 
parties sont capables d*une activity fonction- 
nelle, ce procede comprenant: 

a) ia preparation d'un premier vecteur d'ex- 
pression comprenant un promoteur conve* 
nable relr^ d'une maniere operatoire a une 10 
premiere sequence d'ADN comprenant une 
premiere partie qui code pour au moins la 
region variable de la chatne, lourde ou legfc- 

re, d'une molecule d'lg et une seconds par- 
tie qui code pour au moins une partie d'une 75 
proline de non-lg; 

b) la preparation d'un second vecteur de- 
pression comprenant un promoteur conve- 
nable rette* d'une maniere operationnelle a 

une sequence d'ADN qui code pour au 20 
moins la region variable d'une chatne com- 
plementaire, legere ou lourde, respective- 
ment d'une molecule d'lg; 

c) la transformation d'une lignee cellulaire 
immortalisee de mammifere avec les pre- 25 
mier et second vecteurs d'expression pre- 
pares dans les phases a) et b); et 

d) la culture de ladrte lignee cellulaire trans- 
formee pour produire I'anticorps chimerique. 

30 

3. Un procede pour la production d'un anticorps 
chimere ou chimerique comprenant au moins 
une partie d'une molecule de Ig 
(immunoglobulins) et au moins une partie 
d'une proteine de non-lg, dans iequel les deux 35 
parties sont capables d'une activrte fonction- 
nelle, ce procede comprenant: 

a) la preparation d'un vecteur d'expression 
qui comporte: une premiere sequence 
d'ADN comprenant une premiere partie qui 40 
code pour au moins la region variable de la 
chatne, lourde ou legere, d'une molecule 

d'lg et une seconde partie qui code pour au 
moins une partie d'une proteine de non-lg 
connected d'une maniere operationnelle a 45 
un promoteur convenable; et une seconde 
sequence d'ADN qui code pour au moins la 
region variable d'une chatne compiementai- 
re, legere ou lourde, respectivement, d'une 
molecule d'lg relive d'une maniere opera- 50 
tionnelle a un promoteur convenable; 

b) la transformation d'une lignee cellulaire 
immortalisee de mammifere avec le vecteur 
d'expression prepare dans la phase a); et 

c) la culture de ladite lignee cellulaire trans- 55 
formee pour produire I'anticorps chimerique. 



4. La methods de I'une quelconque des revendi- 
cations 1 a 3, dans laquelle la lignee cellulaire 
immortalisee est d'origine myeio'ide. 

5. La methods de la revendication 4, dans laquel- 
le la lignee cellulaire immortalisee est une li- 
gnee cellulaire de myeiome ou est derives de 
celle-ci. 

6. La methode de la revendication 1 ou toute 
revendication dependant de celle-ci, dans la- 
quelle la transformation est realises par trans- 
formation d'une cellule bacterienne convenable 
au moyen du vecteur prepare dans la phase a) 
et ensuite par fusion de la cellule bacterienne 
avec la lignee cellulaire immortalisee. 

7. La methode de I'une quelconque des revendi- 
cations 1 a 6, dans laquelle la premiere partie 
de la sequence d'ADN, qui code pour au 
moins la region variable de la chatne, lourde 
ou legere, de la molecule d'lg, est relive direc- 
tement a la seconde partie, qui code pour au 
moins une partie d'une proteine de non-lg. 

& La methode de I'une quelconque des revendi- 
cations 1 a 6, dans laquelle la premiere partie 
de la sequence d'ADN, qui code pour, au 
moins la region variable de la chatne, lourde 
ou legere, de la molecule d'lg, est reliee a la 
seconde partie, qui code pour au moins une 
partie d'une proteine de non-lg, par une se- 
quence intervenante qui code pour une se- 
quence de coupure specifique. 

9. La methods de la revendication 8, dans laquel- 
le la sequence de coupure est specifique pour 
le Facteur Xa. 

10. Un anticorps chimerique comprenant au moins 
une partie d'une molecule d'lg et au moins une 
partie d'une proteine de non-lg dans laquelle 
les deux parties sont capables d'activite fonc- 
tionnelle, cet anticorps comprenant: 

a) une premiere chatne polypeptidique 
comprenant: (i) au moins la region variable 
de la chatne, lourde ou legere, d'une mole- 
cule d'lg; et (ii) au moins une partie d'une 
proteine de non-lg, les portions (i) et (ii) 
etant reliees I'une a I'autre soit par une 
liaison peptidique directe ou par une se- 
quence peptidique intermediate; et 

b) une seconde chatne polypeptidique com- 
prenant au moins la region variable d'une 
chatne complementairs, legere ou lourde, 
respectivement, d'une molecule d'lg, 

les premiere et seconde chatnes etant asso- 
ciees ensemble pour former un site de liai- 
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son d'antig&ne. 

11. L'anticorps chimerique de la revendication 10, 
dans tequel la proline de non-lg est un enzy- 
me. 5 

12. L'anticorps chimerique de ia revendication 10, 
dans laquelle la proline de non-lg est une 
proteine de non-lg de specificity de liaison 
connue. to 

13. L'anticorps chimerique de la revendication 10, 
dans lequel la proline de non-lg est une toxi- 
ns prot&nique. 

15 

14. L'anticorps chimerique de Tune quelconque 
des revendications 10 a 13, dans lequet la 
premiere chaine peptidique comprend une se- 
quence de liaison sp£cifiquement coupable en- 

tre la partie de region variable (i) ©t la partie de 20 
proteine de non-lg (ii). 

15. Utilisation de l'anticorps chimerique de la re- 
vendication 1 1 dans un test de type ELISA. 

25 

16. Utilisation de l'anticorps chimerique de la re- 
vendication 12 dans un test d'immunite. 

17. L'anticorps chimerique de la revendication 13 
pour utilisation en therapie, 30 

18. Utilisation de l'anticorps chimerique de la re- 
vendication 14, dans la purification, par chro- 
matographic par affinite, de la partie de protei- 
ne de non-lg. 35 
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